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Channel deposits of two cut and fill cycles in swampy
deposits from the eastern Free State contain organic
layers and some of these include pollen. Radiocarbon
dating of the basal organic layers in the two channels
gives indications of a late Holocene age but they pro-
vide an inverted chronological sequence. This discrep-
ancy is interpreted as possible re-deposition of organic
material from older up-stream deposits. This problem
suggests that narrow channel fills are not ideal for envi-
ronmental reconstruction and should be avoided in
favour of wide low energy valley fills, which can be
found in the eastern highlands. The pollen contents of
the two sequences nevertheless, suggest marked varia-
tion that indicates climate variability during the
Holocene in the area. The general pollen contents in the
channel deposits appear typical of the regional grass-
land (Scott 1989) except for relatively high proportions
of Asteraceae and smooth trilete fern spores. A possible
explanation for the prominent Asteraceae may be found
in relatively dry, sandy conditions on the north facing
slope where the site is situated, while the trilete spores
are possibly derived from upslope vegetation of rocky
outcrops.
Research on Holocene palaeo-environmental reconstruction
in South Africa is limited by the availability of suitable
deposits. Past environments in the central Free State and
southern Kalahari during the middle and late Holocene
comprise millenial scale moisture changes (Van Zinderen
Bakker 1982, Butzer 1984, Beaumont et al. 1984, Scott and
Brink 1992, Scott and Nyakale 2002, Scott and Lee-Thorp in
press). Palaeo-botanical data from this period are not avail-
able from the high-lying eastern Free State. Lake-deposits
are the traditional source for pollen but have not yet been
located in the area but swampy valley fills occur. In order to
address the shortage of fossil pollen data, different types of
sediments accumulation should be investigated even if they
are not of optimal quality for pollen analysis. An example is
a Late Holocene deposits from the farm Elim near Clarens
(owner: De Leeuw), which are investigated here (Figure 1).
This sequence forms part of a Quaternary swamp accumu-
lation of several metres from within a small north-facing
basin. The Late Pleistocene deposits, which were previous-
ly studied, proved to be suitable for pollen analysis (Visser et
al. 1986, Scott 1989). They are dissected by channels of 4
to 5 metres wide, filled with the late Holocene deposits
(Figure 2). These channel deposits at 1 820m (28°29.430’S,
28°24.890’E), which are investigated in the present study,
are exposed ca. 40 metres downstream from the Late
Pleistocene profile of Visser et al. (1986) and Scott (1989).
This sequence consists of two distinct cut-and-fill sequences
in oxidised mottled orange-grey silt, of which the younger
Channel 2 is incised into Channel 1 (Figure 2). The lower fills
of Channel 1 consist of horizontally layered grey silts while
the overlying section consists of different shades of grey and
orange grey silt. Channel 2 contains dark grey silt only in the
bottom section, while the overlying sediments comprise pale
sands that include several thin bands (1–3cm) of dark
organic units (Figure 2). 
The setting in which the sequence occurs comprises a
bedrock geology of sandstone of the mountainous Clarens
Formation (Figure 1) and an average annual precipitation is
ca. 700mm, mainly falling in summer. Clarens lies in the
Moist Cold Highveld Grassland (Low and Rebelo 1996,
O’ Connor and Bredenkamp 1997). South-facing slopes and
protected ravines have dense montane woodland (Scott
1989, Scott and Vogel 1992) but the north-facing Elim site
typically has more open vegetation. Woody plants are scat-
tered, including species such as Buddleja salviifolia,
Leucosidea sericea, Clutia pulchella and Gymnosporia bux-
ifolia. On the mountain-top and at relatively high altitudes a
shrubby ericoid component (fynbos) with Passerina mon-
tana and Erica sp. is found. By comparing modern surface
spectra of the different communities with fossil pollen spec-
tra in the region, indications of past conditions can be made.
For instance grass (Poaceae) to Asteraceae pollen ratios
can in this way be related to moisture conditions (Coetzee
1967) including seasonality (Scott 1989), while proportions
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of fynbos pollen can be related to temperature and moisture
conditions (Scott 1982).
Materials and Methods
A total of 42 samples, excluding a modern surface sample,
were collected for pollen analysis. The samples were pre-
pared according to standard palynological methods (Scott
1989) and 29 yielded pollen. More than 250 pollen grains
per sample were counted in glycerin-jelly slides by locating
specimens under 10x magnification and identifying the types
under a 100x oil immersion lens. Pollen spectra are grouped
together in pollen zones EC1–7. In Figure 3 these spectra
are arranged according to their apparent chronological posi-
tions as indicated by numbers in brackets in Figure 2. The
dark grey organic layers at the bottom of both sequences
were dated by means of radiocarbon at QUADRU (CSIR) in
Pretoria (Table 1) but the overlying levels were not rich
enough in organic matter for dating. 
Results
The radiocarbon dates ranging between 4 120 ± 60 year and
3 530 ± 60 year BP (Table 1, Figure 2) gave an inverted
chronological sequence. Root contamination is an unlikely
cause as no younger rootlets were observed in the sedi-
ments. The precise chronological relationship of the two
channels and underlying deposits could therefore not be
clarified by the radiocarbon dating. This problem and possi-
ble explanations are discussed further below, in the light of
the pollen analysis.
As expected pollen was found in most of the darker grey
organic levels and organic bands but not in the oxidised mot-
tled orange-grey silt unit below ca. 4m depth in which the
channels were cut or in the younger silts and sands of each
channel. The absence of pollen in the former is probably the
result of oxidation some time during or after deposition dur-
ing the earlier Holocene or late Pleistocene. The pollen and
spore concentrations of the productive channel samples
ranged from less than 100 to nearly 8 000 grains per gram
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Figure 1: Locality map showing the Elim site
Table 1: Radiocarbon dates from the Elim site
Anal. No Sample Designation Depth (cm) Radiocarbon Age
Pta- (years BP)
7 756 2 307 (Channel 1) 335–340 3 830 ± 60
7 754 2 306 (Channel 1) 371 3 740 ± 60
5 887 1 377 (Channel 1) 381 3 530 ± 60
7 772 2 305 (Channel 2) 380 4 120 ± 66
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(Figures 3A, B and C). Relatively high proportions of
Asteraceae pollen and ‘trilete’ fern and hornwort
(Anthoceros) spores are recorded in the fossil spectra in
comparison with regional pollen production (Scott 1989). A
modern surface pollen spectrum from Elim is, however, pre-
sented in Figure 3A and 3B and also shows large propor-
tions of these elements.
Discussion
Most previously studied modern pollen spectra from the
region including the Drakensberg, are derived from southern
or eastern slopes and were usually dominated by Poaceae
pollen (Scott 1989, Scott and Vogel 1992). The position of
the current site on a northern slope with sandy soils,
accounts for dry conditions that probably explains relatively
prominent Asteraceae and few tree pollen in both the mod-
ern and fossil spectra. The high percentage of Asteraceae in
the modern sample could be due to local overgrazing or
sampling time during autumn and winter, when grasses are
not flowering. However, several fossil pollen spectra also
contain similar proportions and the distribution therefore
probably reflects long-term site-specific conditions.
Ferns and hornworts were not recorded in the current
stream and are possibly allochtonous and washed down
from a community belonging to the high rocky slopes above
the channel deposits. High proportions of the relatively
robust fern spores have, in another instance, been interpret-
ed as selective preservation under harsh post-depositional
sedimentary environments (Scott 1999). Both the down-
slope movement of spores and selective preservation of
other palynomorphs may play a role here.
Dating of Late Pleistocene spring deposits is not only
problematical in the present case, but also in the case of the
nearby Craigrossie in the Little Caledon River (Figure 1)
(Scott 1989). Together the Elim and Craigrossie sediments
allow us to make a better assessment of the feasibility of
pollen analysis of swampy channel deposits. The inversion
of the radiocarbon chronology in the basal sediments in both
channels at Elim, especially in Channel 2, can perhaps be
explained by reworking of an up-stream source of swampy
organic sediments. If this source was progressively eroded
to deeper levels, increasingly older organic matter would
gradually have been released and incorporated in the chan-
nel deposits. It is then likely that the pollen spectra include a
mixture of older pollen derived from the source deposits and
that produced at the time of reworking. They may therefore
be of little use for reconstructions of past environments
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Figure 2: Schematic section of two channel-fill sequences (Channels 1 and 2) at Elim the deposit site. EC1–7 = pollen zones; laboratory num-
bers are indicated with chronological order indicated in brackets
except for providing an indication of average conditions over
different phases. The more mineral-rich layers probably rep-
resent less reworked inclusions typical of a more stable sed-
imentation of upper channel fills. Although pollen zone EC4
in Channel 2 represents a younger cycle than in Channel 1,
it might contain reworked pollen from a similar source as
EC1 in Channel 1. The pollen and spore contents and radio-
carbon ages in the two zones are similar supporting the pos-
sibility that the organic matter in both was partly derived from
the same source. High proportions of Asteraceae pollen and
different spore types characterise both. The lower section of
both sequences (Zones EC1 and EC2 in Channel 1 and EC4
in Channel 2) therefore probably date from a period slightly
younger than the available dates ranging between 4 120 and
3 830 year BP.
Although dating is not precise, the sequence does give
some indication of climate and environmental change during
the Late Holocene. The pollen spectra in EC1 and EC2 sug-
gest open grassland and Asteraceous shrubland vegetation.
Conditions appeared to have been relatively dry but cool in
view of prominent fynbos pollen (Thymelaeaceae, Passerina
and Ericaceae). Zones EC1 to EC7 seem to show regular
pollen variations including fynbos fluctuations indicating
marked climatic variability. Around EC5 the numbers of fern
spores declined as grass, shrub and sedge pollen increased
indicating relatively humid events. This is followed by further
fluctuation between sub-humid and dry episodes in the
upper zones. The most distinct grassy phase and increased
humidity appeared towards the end of zone EC6.
EC1 may generally not represent much drier conditions
than at present although it shows a relatively high
Asteraceae/Poaceae pollen ratio in comparison with modern
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Figure 3: Diagrams of arboreal pollen (AP) and non-arboreal pollen (NAP) percentages (A), spores and aquatic pollen percentages (B) and
pollen concentrations (C) in Channels 1 and 2 at Elim
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spectra in the wider region (Scott 1989). The surface pollen
sample (Figure 3A and 3B) represents relatively dry local
conditions in this north-facing slope. The degree of climatic
variation at Elim conforms to what have been suggested for
the Free State, Southern Kalahari and Karoo towards the
west (Van Zinderen Bakker 1982, Butzer 1984, Beaumont et
al. 1984, Scott and Brink 1992, Scott and Nyakale 2002,
Scott and Lee-Thorp in press). The pollen sequence from
Florisbad (300km to the west) shows a change from moist to
drier conditions at ca. 4 000 year (Nyakale 1999, Scott and
Nyakale 2002). At Blydefontein in the Karoo a similar
change was experienced just before 3 950 year BP (Nyakale
1999). Although comparative pollen indications for the older
phase between ca. 4 000 and 5 000 year BP at Elim are not
available, the declining grass proportions in the EC1 may
reflect a similar process to what can be inferred from these
sites. However, more pollen analyses and radiocarbon dat-
ing from this area is needed to establish if there is any
regional correlation.
Swampy valley fills, which are to be found in the eastern
sub-humid escarpment of Southern Africa, provide great
potential for reconstruction of past climate and vegetation
history during the Holocene. However, narrow channel fills
like those described here, demonstrate distinct disadvan-
tages related to high-energy reworking of organic sedi-
ments. It is therefore advisable to select sediments of wider
swampy scenarios for pollen analysis, like those represent-
ed by the up-stream Late Pleistocene deposits at the same
site (Scott 1989).
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